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G.J. Yata L, V. S.P. Kin C, S.A. Jartmillo, B.W. Woel, P.L. Gobby
Physics Division, Univaraicy of Californjn, Los AIAWS National hboracorv

Group P-15, HmIl Stop MM, FI.CI. BCX 1663, lai A2mmom, H.awklCO 875c5
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I. AabY ●nd J.L. LkLch
ECL:=Inc. 9mnca Barbara Oparacionm

130 Robin Hill Read, P,O. Bnx 98, ColaLA, CallfOrnia 93017

Abscrscc-Expa riuncal rao~lto c-paring gaced imngir. g
ca~abiliti,s of proximity-focuood ■icrochannel-place
incansifiars and ●laccrom cacically-focwad ●illco_-
Intonolfiod-targat vidicons sro prasantd. A briaf
•~ry of prwlws racponoa data obcaind frm ●cvmral
●candard ●nd mdifiad vmroiono of both I.uga aanmors
and currant ●fforco on (l) #actor Cacing of wb~ntad
ph~tocachodas (2) pra-pulsing of phococachcdec vich
i~frarad light co Incraaoo cond”ccivicy ●nd [I) ~aca

p.lsa Injoccion caclmiquaa ●ra diocuaaad. 9a~ncod
phococschodas incrcascd gacing sped by ●imultsnaous
cum-on of individual sacrora wharaas preliminary
●nalyoas indicsca no i~rova.anca frm In frargd
Illdminacion.

I. Introduction

txporimmncs hav~ baan ccmductad chac Idancify cho
ims~irq capabilitiao of two difforcnc cypao of nano-
●acond-ceaubnanooacond opclcal shuctar tuba- uaad for
recording cin roaolnd two dinnaioul IUSOS. MO
rc@rCd [1] typical cmwporal ●!.utcari~ osquancos,
gacin~ spaads, optical ●nd olactrical ~at~idrh
corrolatiou, gain, d~ic rang-s, shuccarirq
cfficiancias, ●nd rgmolution for ccmvantiorul ●nd
mmdifiod In ?4111 proximity-focuod microchannal-placo
inctnoifior c.bas (k’’o). l%asa dacm vmro c~arad
lacer [2,3] VIC’, olmilar data obcainad for ITT ?4112
~Ts and for 01-z7821c ●loccrostacically-focuood
●ilicon-intonmifiod car~ac vidicon.a (SI~a) racancly
dwaloped jointly by Unaral Elactric ●nd km Alnoa
Ksclon.al Lmboracoq.

l%ia pap.sr triafl~ dcocriboa faac shuctar design
crlcmriao ch~n s~rl-cm our ujor ●~arim.mntal obaor-
vaciono with updccd maaourwnco of d~ic ahuccaL
rati” ●nd raclprocicy for cha In and O% unico ●o wsll
● t for Varo 5777-310 cypa 11 K?To. UC al.o raporc
curr~nc raaaarcn on (L) caccor #acing of sapncad

_phococachodao to inc,aaoa gatin~ opaod by ●ffacciwly
roduclnt cho photo ●urfaca araa (2) ~rlmlnt of th.
phococachoda ~th pulod infrarad 11 -icutlon co
roduca r~~iocivicy by dynnlcally-inducd corduccivicY
d.rin~ :aca cl- and ~1) sac. drlvta~ tochniq.ao in-
cl.ding wltipoinc drivln~ and i~mdanco mstching
baman pulsa ganaracor ●nd ●huccar cacao.

s1OZ [ha ●paad of lilhc. In thim—



For 18 M diamater HCPTa RO ~ 103 ti[mquare, C

Wo- ‘4
1

FIuI, a = 254 mn2 which given T = 3.2L no. For

2
the 25 rn dimmeccr KF’Ts with a . ti91 m , ~ = 6.25 n..
Hovever, for 25-mc-diamacer SITVS RO = 100fi/aq.are. Cl.

-15
~ 7X1O Plrn2,and a ~ L91 ml uhich gives an unreo-
llstically #Mall value of 109 pa for T. We are reviev-
ing pocsibla mdificaclona co our radial model to make

lC applicable for propanacion velocictem approaching

chc sp, cd of light. We at-a alao analyain,g the gate

incarfsca [3] by creacing it as o high frequency wave-
guidp.

Our •q~Jation for T ●howa chat che pro2agacion clma
of the gaca pulaa im diraccly proporclonal cc chc area
it must travarsa. Tha photocachoda arms. hwavar. must
ramain an larga as possible co provide ●daquace input
ar*a for Immging. Two accraccive poaaibilitiec for re-
ducing ● rea ware considar~d. OrIO idaa WaO CO div,de
tha araa into four quadrsncn with insulating scrips co
provida amallar area- and ●lso indapandant Rating of

individual oa~ncm. Preliminary deci~c for ouch a
SITV hava baan cmpleced buc none have been built ba-
cauoa of ancicipaced manufaccurinB complmxitiat. Tha
aacond approach conaidarad was co Corm the quadrants
with s conductive croso. %voral SIIVm ●nd HCPTs hav~
be9n fabricated in chia mmnnor.

To pradicc tho gaca r~sponma of ●uch tubas a diffu-
mion wavm aqu~cion uaa dcvolopod in genoralizad coor-
dinator ●nd ●?pLiad CO cha problam of oactor-gacad
HCPTO *.ch cylindrical gmmntry. MI op~n form oolution
in twma of Besaal functiono ha- baan fo,md. Ha ●xp~ct
co apply cha -me thaory uming spharicml coordinacaa co
oaccor-smcod SITva with cha raaulcing aolucion appoar-
ln~ at a oumacion over a ●cc of sphtrical harmonic
funcciono. A raporc deacriblng choaa Calculaciono and
pradiccad gacitIg characcoriacicm 1s in pragra~a.

111. Summry uf Chmparaciva Ramponnaa

Naichar tuba typa has ruparior parformancw in ●ll
●raao lnvas:igacad. TIIa HCPTa hava suparior sansicivi-
cy, ~ain, and ahuccaring ●fficiancy. Tha SiTVs h.-va
ouparlor o}’ical Cacing #pa@d. ramoltltlon, ●nd fOl
cimoo ●hortar chart 1 5nn, they ●xhibit boctar corl ala-
cl*n b,cwosn aloccricsl and optical gate wldcha. Lb@

dynamic ranga is dncarminod by tho vidicon which per-
forms cha raad-ouc funccion (as ●n intaSral part of cha
SIPJ ●nd Cibrr-optically couplad co tha flCPTJ for both.

All IICPTS maaaurad ●h- chc familiar “irio”’ turn-on
bahavlOr *@ra tha parimacer Crarmmlca first ●s cha
gata voltsga prouagatam radially inward. Tutn-off for
PICPTO can CCart●ithar from cho parimatar inward, tha
cencmr outward, or both. No iris b~havior ha- bmn ob-

aarvad for SIT’Ja with nfckal ■ubmcrmcas, although lC
wac not-d on unito with scrainhc S-2f) phococachodom.
Turn-on ahtut nearly uniform iniciaci.m of tranomiamlon
with lncroaod Cato clmo glvlng incraasad signal ●mco-

——- . . .

—.
ciated ui=he Gaussian Race v=l-tmRe. ‘S~i;eral shutter
aequenccfl arc shown in FiE. 1 . Typ~col gato times,
reaolutionl and ahutcer racioo ara found in Table 11.

Iv. Raciprocicy and Reoolucion vc Light Pulsa Width

(a) Resolution The primary ume of gaced tubaa in co
provide an optical nhutter for . 1.5 to 5ru. Tha inci-

danc flux Can hava v~riable width from E 200Ps co
greater than or ●qual co :ha optical gate width. Ba-

cauea of chin uncactaincy, and bacauue tir calculaciona
on dafltccion defocusing for SITVO [3] indicaca chac
Iuga focun varias with charge danmicy in cha SIT, w
❑easured retclucion ●n a funccion only of input light
pulia width in tha range from 150 pa co 2.5nm.

The system u-ad is shovn in Fig. i. l%- 20pa laser
pulsa la fed co thraa differanc lengchn of ●ttp-indax
fibar for concrol of pulaa diaparmion cc gcnarata
widths of u 150pa, 1.2ns, and 2.5M. & tha pulma pro-
pagacec, moflal diaparmion cmusc~ temporal broadming
proporclonal to fibar langch. To diatintuioh cffaccs —
due to faccoro ocher than ●l-ccron space charua ●t tha
croocovar, we maincatnad conntanc ●ncrgy in ct.e input
light. For this raazon, when pulao width la incraaaad,
pulsa incanaicy im raduced propc.rciomatoly >y uaa of
N.D. fil:mrm. Tha pulaa width ●aasuremanca wera mad,
with the photo dioda and tha ●veraga power was uaa-

urad with cha radimec~r. Tha paak pouar ●nd ●nargy

par Dulsa wma calculated. Tfm ●vailable ●oray was
abouL 1 nJ.

Tha cons angla of tha light amicta< from cha axic
●nd of chm fib-r variad with fibar lan~th. Tha intan-
●ity uniformity al-o varjad. Shorter lmv~chm showod
random-mocclad Inctrfaranca modca. wfvila cha longaoc
langth produced a mora nearly unifom ●pot with con-
centric inccrfaronca rings. Tha SIN phococachodc was

.
waa maokad co chac only chc cencral 80_z ● raa was il-
luminated. Thla gava fairly .Jniform incanslty diocri-

bucion from ●ll thrm fibers.
The SITV Accnlaracing voltaga. which controls slac-

cronic gain ●nd alactron valocicy, waa hold conmtant ● t
chm nominal (half of full gain) 6,5 kV. A variation in
●tthar paremacar wau’d influancc cha focus toac. Tha
cosca wora takm with cha SITJ in tha nfrn-gmcad ❑ods.

TIM 150P0 pulaa was filcarad co oparara cha SITV ●c 237
of maturation laval. Tha SITV waa filtorod ●nd cha
CTF wam mmaaurcd. Than, wichouc mfocunin~, w in-
craaaad cha lssar pulao width co 1.2 n- ●nd tha CTF
rnasuramanca vera rotakan. Thaa@ data ●h- in rig. 3
ravealcd no ●xtraM dafocuaing. Similar measuram4nca
wtra mada using a largar araa pact~tn, and tha 2.5 no

light pulna. fiin was dona to 111-inaca most of ch~

full ’91 m2 of cht phococathodo with oufficianc fnPuC
incanoity co nparata near saturation. Thlo providad
tha worac-caaa zond+c ion for ●tablq focus. No daRra-
datimv wan obmarvad.

—— ..—— ..—
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❑ tm!mm!moialanmwam
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UNCOMMON MCP SHUTTER SEQUENCE - TIME ( ns)

Uummammmimmmamis
00 0.2 0.3 0,4 3,3 0.6 0.7 0.0 0.4 0.7 0.0 1,9 2.2 25

CROSS HAIR SITV(lefl)MCPT (right) SHUTTER SEQUENCES -T IME(ns)

Fig. 1. Shutter ●qumc’rm for MCPT’O ●nd SITV’a. 24ro is start of optical gata.

—_
(b) R@ciproclcy I T’lm OEM ●at up WSB uamd with ●

——

diaphrm in placo of tha tact patta~ CO m4acura SIIT
reciprocity. Ua obcaincd ●pproximtaly qual ci~aln

from rha throa PUISCO ●m ah- in Tabl@ 111. Tha tares
wara rtpoatad for un ?iCPT uoin: mmtra fib-r lmttho to
gac ■or, data point-. A aocond photodiodo was umad to

monitor phomphor incmaity. TIM data are plotcmd in
Fig. 4. Thmsa casts shw that in thio time rmmga both
tubas art ●soancially rata ineannitivo I.a. , their rtm -
ponsa ic proportional to the total optical ●argy 4c-
positod on tha photocnthoda and not CO tha rata at
which tha cnargy war dopooitcd.

Tabla IIi. SIN reciprocity Data

Pulna Width (n-)
.—

Power /Pulnc (Ii) SITV Sig )dl @A)—
0.15 7,34 1,
1.2 0s92 1.0

1.3 0.39 0,9

—

.— —____ . --—— .
‘=,%1

?1s. 3, SIN lmm~a focu w light width, Tha reoultn
- ara 0hti-?5t lN)p; (to@) hiid 1.2 aa (bOtt--) , Fao”-

~ccivaly. Tha llnc ●cano sra throu~h group 2,
●lmmnc 2 (4.5 lp/m) and croup 1, ●lent 1 (8 LP/m),

Fig, 4. PKPT rccipr~city data. Tha 1O-U, lW-M, ●nd
25- lan~thn corraopond to the 130 pa, 1.2 ruo ●id
2.5 no li~ht wldtho,
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V. Oynamic Shutter Ratio

Tlm ●huttcr ratioa (for SINS) ahcun in
mcacurod by first obtmining ● given signal

Tabia 11 ware
amplituda in

the Eatad &da for a knwn optical int~nnicy. Than cha

onuttor tub- waa operatad in the non gated modo and the
intensity ●ttenu~ted until the nme signal amplitude
waa obtained. Tha :atio of the tvo intensities (cor-

rectad for diffarencu. in gain for thn g-ted ●nd non
_gacad alas) 1s tha ■hut?ar ratio. Ibacently, for twn

HCPT#, ● ~ra ri~oroum maa.ureunt w-kmmada which map-

ped tha tranomisnion behavior iromediatelv before and

&2gY~~ ~’~#~inaciO~.

The oetup for this
A PAR mdal LN-102 dye l.amar

●xcitad by a PAl mod-l IX-1OO nitrogan lamer remits
500ps WltM pulaad li~ht which travclm ovar ●n opc~cal
p-th of about 10 ■otarc in air. Tlm dya ua~d WaS C481
with ● paak wavalansth of 480 nm. A long focal length
lens focusad tha laaar bamm on tha photocathoda of an
MCPT. Scattared light from thin lams was ueed to ●atu-
rata an RU 8570 photo multiplier which criggmrad tha
gate pulsar through an ●djumtable cabla delay. Tlm
gata pulsa (and therafore the MCPT optical gate) was
mdjumtabla fr- S-trml CEU of no ●ft-r to ●bout 2 n-
before tha light pulJa. First, tha dalay waa adjuntcd
#o thst tha light pulaa wxo coincident with the paak of
optical gata ●nd ND Ciltars wera Insartad in ths beam
path until a mln~ datactablo signal was obaarvmd.
ThG delay vaa than variad, “walking” tha optical Sata
●ither -Ida of tha light pulaa mnd ?iu filters wars ra-
❑ovad until tha minimum datactabla signml wms ●gain ob-
●arvad. In this mannar the oprical pmcr extinction
uatio of tha M2PT was ❑-aourad ● t several points in
tima relacivc to tha paak of tha optical gata. Ttm
data for arm ITT and on- VAROMCPTsro plottad in
Pig. 6. A long Cluorascanca ttil (tons of no duration
#t b 104 of paak intanoityJwao ●abociatad with cha

uin dya pulse end is ●h- ●t cha leading ●dqa of tha
optical ~ateo. [n tha standard procadur~ for charac-
ccriming Satinll ●pead [1-3] only cha top two dacadaa of
extinction ara obaarvmbla. Basad upon rhat machod, op-
ticml gata width- of ❑ hs would ba datamined for
chaaa tCFTS. Howevar, for ohut:arin~ ●~ainat light
widths > optical gata vidthn, th~ dynamic shutcar ratio
MUSCb- lncludad co sccurataly define tha total gaca
function.

.

VI, Sactor Cacinc

In chio deoign, an ●Lactrically conductive cream-hair
is depooicad on tha phococathode cubotrata bafora dapo-
oition of ths S-20. Tha two radial strips ● ra normal
● c tholr Incaraaccion in th,, star of tha photocmthoda
●nd thair ●nda ara connactaa ●t tha phococmthods pari-

matar by ● circular macallic conductive ring. Thla

--- .—

——
producca four pia-shspeu quadranta as sham in Fig. 7.
The strip gecmtry ●nd opacity in diff~rent for both
tubas . The SIN daai~ uaec S~il wida aluminm ox-
ida scrips of ■ 12~ &resiatance per radial lag with 3
502 tranamiaaion. The fiCPT dmaign uaam 60+il wI.Jo
inconcl .rrip# with cloam to ccro tranamiasion (reots-
tance noc ❑macurad). The lcw reaiatance etripa, a.
though not designad to impadance mecch nubnanoaecond
risacima pulaao with tha gate intarfacc do provide the
❑ aans for rapi: propagation of gata voltagaa to cha
cant-r of cha photocathoda. ticeuao tho ● raa of each
quadrant la approxtmataly 1/4 tha araa of the non-
●egma’ctad surfaca, the gacing ●paed for the total 8cr-
fmca chowld ba Incroaaed m 4x bacauca ●ll four qua-
dranta turn on naarly ●blcanoouoly.

ScctoNSacing is baat racoSnizad if one ❑aaa full
●rea baha}’ior fo: non-aagmmntad units r-peacad in ●ach
quadrant for cha segmentedunit. Tlra nhuttar sequence

(Fig, 2) for a fully Illumirutad crosn-hair SIN ahwa
no iris during turn-on or turn-off. In Fig. 8 va con-
cantratad tho Light in individual quadranco ●nd look-d
for irioing near turn-oft by ●uccaosively rm-imaging
tha laser. Tha fact chat GO iris waa oboervcd may be

dua to tha gmce-to-laaar jitter, = 50pn for cha laaer-
linac Syatm [7]. UC ●otiut~ that ●laccrical gatee
% 250pa ●rc raquirad to so. tha fmpulsc rsoponna with
axpact~d irio clonura timo of tha ordar of tans ~f Pm.
Thama condicionm my ‘~blur ~ fhg t- raoolution,

‘uf&&%%~ ~?tit;vi;r;;o:;T;i;;”MC~S W ,, obnam-
●d an seen in Fic. 1. ?hotocathoda procaoain~ for
chraa FQ1ll P.~Ta was monitorad to ●maura rapoatabilicy
of ohaet raalntanca (orat laasc kncwladga of cha ●b-n-
luta valuaa of rsoiacance) for ona ■agmenccd unit snd
two non-oagmantad unit-. Ona NCPT tid cross-hsira on
the photocathoda only, ● sacond had cross-hairs on both
tha photocathodo ●nd Cho f4CP input curfacas. Tha non-
oa~antad u~it, to ba u-ad aa ● “control” oampla to
maasura Baino in gacing spaad frm oegmnting, failed
(couldu’t b. gatad off) ●o this taat wan Inconclusive.
~alyaio of gating apaada for tha two mgmancad units
show ●asantlally tha S- total gata ciMaB aa chose for
typical non-oagmmntad units, Flokwvar, chm mfmultananum
gating obsanad in each of tha quadranta is ●ncouraging
●nd thim empmriment la bainB rapeatcd with two n-w
HCPTo, ona nonaa~~ntcd, ona with thrao sactors.

Intanoicy protilaa for cross hair HCPTS til,owad hlth-
gmt tranxmioaion namr both tha ●ptma of quadrant- two
●nd four, In Fic. 9 profilao ●long throa paths thrnugh
tha varticea of quadrant rwc verify the highar tr#ns-
miaoion in ● raao naaraat tha croaa hnir intarcoprn.
Tha ●xtent of chia problam 1s bainR atudiad,

.— —— –— - . — — —-— —

0ATEOCLAY=28 T0100M

LIOHT OELAY=30ns

●hutcer ratio ●xpsrimantil fiatup.
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VII. Infrared Stimulation for Improvad Photoconducci-

Vity

UninC infra rad light co improva gacin~ spmod by in-
crenclng photocathoda conductivity Juring cha optical
Cate wao ●xplored. Tha bandgap for S-20 io - laV ●nd

[8]
the phocoelactrtc emiaslon thrashhold i- ■ 1.5*V .
To ●ncica valenca nlactrone ●croae [ha bandgap into tha
conduction band without inducinl photommimoion raquiram
radiation > leV (lZ40rm) and < 1.5 ●V (830M), A uim-

pla expreooion WU davalopad [9] co ~stlm~ca (1) tha
raqulrcd carritr concmtrmtionm and lifatimgn to pro-
duce m dloctrnablo reduction in S-20 ohoac rasiocmnca
snd (2) the raquirad optical ●nargy to produca rha ex-
citation.

Our flrot ●xparimant uoad a Xanon flash (fllterod

to trsn-mic all wmvelan~tho ~ 830rtm) of about 2um width

that producad m 250 W/cmz ●c cha HCPT photocathodo,

Tha total opticml ●nmrgy nvailabla for ucttation was
~ O,kl. iha excitation oulma wnm timm,.ohamad to ovnr-—-. -- —..- .-
lap a much narrowmr (180 PO ‘FWHM)liRht from mm 82Cnm

hultad laa-r d~oda uaod to maaoure che oncical ●rite
.

widtl,. h ●xcication ●nargy durin~ sac- tima waa -
0.5uJ. No Incraataa in gatin~ spcad tmra obmomad,

our ●acond ●xparlmant, oho~ in Fit. 10, uaad ● Q-
Switchtd !id:YAG Laa-r (1060nm, m 70nn ~, 160PPS)
for excitation ●nd ● dya laoac [1,2] (650nM, ‘ 20Pe
M, 160PPS) for th- vistbla ●ourca. Both l~maru and
tha Bite Ronormtor warm oynchronl~td ●nd phaaad to can.

ter tha gaca ●ud vioiblo pulmga within chc mmcitatinm
pulma. Tha YAC paak powr iocidant on tha full

491 rn2 of tha photocmchoda wn8 470 watta. Thi8 p-
vidad = 33uJ total with uain ■ 0.51.IJ during smca ciu
buc with rnno-mnar~atic photono (l,17tv), ~iia UCi-

tation did mot bptovc gatin6 ●pmod, Ma thnn concmn-

cratad tha YAC lisht in ● ●pt =s~imtar pmdu-

CIW powmr danmity W L4 lifrn2.
Th* phaoing batvaon Lha dya l~mr mad Chs ●loctricml

gata was ●dju#t@d to “fraal@” tha opticnl gacg in ic~

turn-on L ‘1-- whtra iriai~ mm vialblo (Fit. 11).
Tha YAC li~ht waa pooitionad to inc-rr.apt the mdta of
tha iris uhera w mmpacted to oaa bulgaa corraspmdiog
to lncr~aoad gatn Voltqa propagati(m valocity induced
by tha Infrarad illumination, NO pmrtubationa vmra
ob~arved in tha Lrio indicating n?~ligibla photo-in-
ducgd conductivity. With tha latter ucitmtion ar
calculations [10] ●how that if tha product of carriar

mbility ●nd lif Qcima wmra ~ 2,9s10-9a2/volt M in-
craatm in Iris propa~ation rats should hava b-an ob-
Oarvd.

—.. - — _..-..—_ -- .—
lx. Gata Drivi~ T6chniquao

Sovaral ~ata puloare and pulaa injoccion mathodc
wsra dancribad in ●mrliar uork [7]. To data, tho fun-

damental llmication ha bmcm in proparly ~tohirq cha
gata generator with tha gato Incarfaco. Conmoqucntly,

nmonafva rinsing mnd pula~ uidth’dieparsion rasulc
uiran tha tuo ●rm .Iactrically conrmctad mnd drivm with
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Fig. 9. Intarwity profiles through vertices of quadrant tvo of MCPT SN-14-992-4.
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Fit. 10. Satup for tha infrarmd ●tlmlmticc #tudian.

●hort risatirna (100 ?S to lns pulsma. To ● firac IFp-
proxirnacion, the ~ata incerfaca is a capacitor tht
doat not tarminaca any cransmimaion lina propc.rly. It
la a “matched” load only ac m -(2/ QIZo~uhare Z is

0

chm characcarlstic Impadmnca of tha line, For 25-rnn-

dimmotar SIWC (C ~ 3.5pf) drivan with Caunaian PUISE
of * 100Po riaacima, IZOI W 13n- For ●ach reactor in ●

4 quadrant cubs 12 I ❑ 3,25n.
W ●rn currahtly”carnting high fraquancy 50:12.5C im-

padanca tranfotmaro mmcia by Avcacb. Preliminary teuc
r~oulta ohou that n 150-po-wid@ pulac on cha primary la
widanad to 300pa on tha aacondary, l%- ●mnll ■ignal
(* 2V on primary, lV on ❑eccndn~) ●nd large ●ignnl
(= 200V am primary, 100V on ●acondary) ramponoei arc

idanclcal, ■hwt.ng no ●aturation ●ffacca ● c cha hiRher
Voltagas. Ttaaa ●ra co ba uaad am ninglo point
drivarn for SLNB or multipoinc for thm hi~har impm-
danca WPTB.

For ❑ulcipoint driving of aagmoncad SITVn uc hnva
‘u-ad =tchd povar dividara to oplic tha iina into n
parallal 50-fl linas (aach driving cha tuba) ●uLh that
50/n -IZOI. Tha currant varaion of this network vlmre

n=12, for 12 ~@4.2fl hta baan ta-cad umin~ m TDR. The
—— . . . .
bdot riattima obcainad 10 300 pm,
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